
335334

F a d d y name:

EPA Region: V ^ j j
Per*on(s) In charge of the fac i l i ty: .

.309

^MftName of Reviewer:General description ef the fac i l i ty:
(For example: landfill, surface knpoundmertt. p f e . container; types of hazardous substance*; location of thefecOty; contamination route of major concern; types of Information needed for rating; agency action, etc.)

ft-^

Scoree:

R G U R E 1HRS COVER SHEET



J u n e :S. 1962

D O C U M E N T A T I O N RECORDSFOR
H A Z A R D R A N K I N G S Y S T E M

INSTRUCTIONS; The p u r p o s e o f the se records i c to prov ide • convenientway to p r e p a r e an t u d i t a b l e record of the d a t a and d o c u m e n t a t i o n used toa p p l y t h e H a z a r d R a n k i n g S y s t e m t o a given f a c i l i t y . A s b r i e f l y a s p o s -s i b l e summarize the i n f o r m a t i o n you used to a s s i g n the score for eachf a c t o r ( e . g . , " W a s t e q u a n t i t y • 4,230 drums p l u s EDO cubic y a r d s o fs l u d g e s " ) . The source o f i n f o r m a t i o n s h o u l d b e p r o v i d e d f or each entryand s h o u l d be a b i b l i o g r a p h i c - t y p e r e f e r e n c e that w i l l make the documentu s e d , f or a given d a t a point easier t o f i n d . I n c l u d e t h e l o c a t i o n o f th ed o c u m e n t and c o n s i d e r a p p e n d i n g a c o p y o f th e r e l e v a n t p a g e ( s ) f or easein review.

F A C I L I T Y X A M E :

LOCATION: tJwJs 5vk^ /



Ground W a t e r Route Work Shee t -
Rating Factor

LJ Observed Release

A s s i g n e d Value( C i r c l e One)
$ 45

M u l t i -p l i e r
1

Score
(9

Max.Score
45

R e f .( S e c t i o n )
3.1

If observed release is oiven a score of 45, proceed to l ine QJ.
N observed release is given a aeore of 0, proceed to line [2].

0 Route CharacteristicsD e p t h t o A q u i f e r o f 0 1 2 $ConcernN e t Prec ip i ta t ionPermeabil i ty of theUnsaturated ZonePhysical S t a t e

12J Containment

f l 2 31 2 (5)
0 1 (f) 3

3.22 £ 6
1 0 3
1 3 3
1 ^ 3

Total Route Characteristics Score
0 1 2 $

01 Wast e Characteristics
T o x i c l t y / P e r s i s t e n c e 0 3 € 6 12 15 dPHazardous Was t eQuantity

ED T a r g e t s

1
/ /

3
I S
3 3.3

/ < ? S ' 4

1 /* 18o i 2 3 4 S 6 7 < £ ) i y e

Total Waste Characteristics Score

Ground Water Use 0 1 if? 3Distance t o Nearest 1 0 4 6 6 10W e l l / P o p u l a t i o n 1 12 fS> 18 20Served 1 24 30 32 35 40

aG 26
y 3,53 » e

1 /6 40

Total T a r g e t s Score
B If line 0 Is 45, m u l t i p l y 0 x 0 x QQ

If line 0 is 0. m u l t i p l y Q] x J3J x 0 x 0
0 Divide line [fj by57.330 and m u l t i p l y by 100

â
inv.

49

57.330
S g w - 3 ^ . ° ? 3

F I G U R E 2G R O U N D W A T E R R O U T E WORK S H E E T



S u r f a c e Water Route Work Sheet
B •<!•>•> C*P«M 1 Assigned value Mutti*Rating Factor | cCircieOne) puer

0 Observed Release 0 (40 1
Score
4*

Max.Score
45

Ret.(Sec t i on)
4.1

tf observed release b given a value of 45, proceed to line 0.
If observed release b given a value of 0. proceed to line [5J.

CD Route Characteristics 4.2F a c i l i t y S l o p e a n d Intervening 0 1 2 3 1 3TerrainVyr. 24-hr. Rainfal l 0 1 2 3 1 3Distance to Nearest Surface 0 1 2 3 2 6WaterPhysical Sta t e 0 1 2 3 1 3
Total Route Characteristics Score

C D Containment 0 1 2 3 1
15
3

0 Waste CharacteristicsT o x i c K y / P e r s i s t e n c e 0 3 6 9 12 15 $p 1 /<2 'l8Hazardous Waste 0 1 2 3 4 6 6 7 < f ~ ) l « g 6Quantity

Total Waste Characteristics Score at 26

4.3
4.4

IE T a r g e t s 4.8S u r f a c e Water Use 0 1 (£» 3 3 (0 9Distance to a Sensitive <$) 1 2 3 2 O 6EnvironmentPopulation Served /Distance 1 0 4 6 Jt 10 1 e3O 40to Water Intake 1 12 16 18 <2D>Downstream J 24 30 32 35 40

Total Targe t s Score
\j\ It line 0 b 45, mul t ip ly 0 x 0 x 0

If line QJ bO, mult ip ly [5J x 0 x 0 x 0
3630*1*5

65

64,350
0 Divide line Jcj by 64̂ 50 end mul t ip ly by 100 S8W • ^7. A.7

F I G U R E 7S U R F A C E W A T E R ROUTE WORK S H E E T



Air Route Work Sheet
Rating Fac t or A s s i g n e d Value(Circle One) Muiti-plier - „ .5core Max.Score Rel.(Section)

JJ Observed Release 45 45 5.1
Date and Location: — A\r
S a m p l i n g Protocol:
If line B is 0. the St • 0. Enter on line [5]
M i l n e Q] Is 45. then proceed to l ine \j\.
Waste Characteristics

Reactivity andI n c o m p a t i b i l i t yT o x l c l t yHazardous WasteQuantity

0 1 2 3
0 1 2 3
0 1 2 3 4 5 6 7

31

5.2

9E

Total Waste Characteristics Score 20
T a r g e t s

Populat ion W i t h i n4-Mile RadiusDistance to Sens i t i v eEnvironmentLand Use

0 6 12 15 1621 24 27 30
0 1 2 3
0 1 2 3

1
2
1

Total Targe t s Score

S.3
30

6
3

39

M u l t i p l y ] x 35.100

LH Divide line 0 by 35.100 and m u l t i p l y by 100 S a • Q

F I G U R E 8A I R R O U T E WORK S H E E T



Groundwater Route Score ( S f i w )

S u r f a c e W a t e r Route Score ( S t w )

Air Route Score (S«) 0 0

57.
- S M - 33.30

F I G U R E 1 0W O R K S H E E T F O R C O M P U T I N G S M



Fire end E x p l o s i o n Work S h e e t
R a t i n g F a c t o r A s s i g n e d V a l u e( C i r c l e One) M u l t i -p l i e r Score Max.Score Rel.( S e c t i o n )
Containment 7.1
W a s t e Characteri s t i c s

Direct EvidenceI g n i t a b i l i t yReactivityI n c o m p a t i b i l i t yH a z a r d o u s Was t eQuanti ty

0 3 10 1 2 3 10 1 2 3 i
0 1 2 3 1
0 1 2 3 4 5 6 7 8 1

7.2

Total Waste Characteri s t ic s Score 20
T a r g e t s

Distance to NearestP o p u l a t i o n
Distance to NearestB u i l d i n g
Distance to Sens i t i v eEnvironmentLand UsePopulat ion With in

2-Mil e RadiusBuild ings Wi th in2 - M i l e Radius

0 1 2 3 4 5
0 1 2 3
0 1 2 3
0 1 2 3
0 1 2 3 4 5
0 1 2 3 4 5

1
1
1
1
1

5
3
3
3
5

7.3

Total Targe t s Score 24

M u l t i p l y [ l ] i t x 3 1.440

D i v i d e line 0 by 1,440 and m u l t i p l y by 100 S F E -
FI6URE 11F I R E A N D E X P L O S I O N WORK S H E E T



Direct Contact Work Shee t
Ratine Fac tor

.3 Observed I n c i d e n t
I AssiQned Value 1 Multi-(DrcleOne) | p l l e r

0 45 1

Scon Max.Score
45

Ret.(Section)
8.1

H line Q] la 45, proceed to line QJ
If line QJ Is 0, proceed to line [5]

2J A c c e s s i b i l i t y
L=J Containment

0 1 2 3 \
0 15 1

m Waste CharacteristicsT o x t e l t y
GO T a r g e t s

Populat ion W i t h i n1-Mile RadiusDistance to aCritical Habitat

0 1 2 3 S

3
15

15

8.2
6.3

8.4
e.s

• 0 1 2 3 4 5 4 2 0
0 1 2 3 4 1 2

•

Total T a r g e t s Score
[§) If line QJ is 45. m u l t i p l y Q] « 0 * E

If l ine Q] is 0. m u l t i p l y [5J x Qj « 0 x B

- 32

21.600
Q Divide l ine Q>) by 21 .600 and m u l t i p l y by 100 SQC ~

F I G U R E 1 2D I R E C T C O N T A C T WORK S H E E T



G R O U N D W A T E R S O U T E

1 OBSERVED R E L E A S E
C o n t a m i n a n t s d e t e c t e d (5 oaxinuo):

fJ

R a t i o n a l e f o r a t t r i b u t i n g t h e c o n t a m i n a n t s t o t h e f a c i l i t y :

* * *

2 R O U T E C H A R A C T E R I S T I C S
D e p t h t o A q u i f e r o f Conc ern
N a n i e / d e s c r i p t i o n o f a q u i f e r s ( s ) o f concern:

if

/ . / ; y ? y ? / 7D e p t h ( s ) f r o m t h e ground s u r f a c e t o t h e h i g h e s t seasonal l ev e l o f t h e
s a t u r a t e d zone [ w a t e r t a b l e ( s ) } o f t h e a q u i f e r o f concern:

' , e \ .D e p t h f r om t h e ground s u r f a c e t o t h e l owe s t p o i n t o f w a s t e d i s p o s a l /s t o r a g e :

0
/}

- 10



K e t P r e c i p i t a t i o n
M e a n annual o r s ea s ona l p r e c i p i t a t i o n ( l i s t m o n t h s f o r s e a s o n a l ) :

M e a n annual l a k e o r s e a s o n a l e v a p o r a t i o n ( l i s t m o n t h s f o r s e a s o n a l ) :
**• 3*? '*

N e t p r e c i p i t a t i o n ( s u b t r a c t t h e above f i g u r e s ) :

P e r a e a b i l i t y o f U n s e t u r a t e d Zone
S o i l t y p e i n u n s a t u r a t e d zone:

P e r m e a b i l i t y a s s o c i a t e d w i t h s o i l t y p e :

P h y s i c a l S t a t e
P h y s i c a l s t a t e o f s u b s t a n c e s a t t ime o f d i s p o s a l (or a t p r e s e n t t ime f or
g e n e r a t e d g a s e s ) :

v

* * *



3 C O N T A I N M E N T
C o n t a i n m e n t
M e t h o d ^ ) o f w a s t e o r l e a c h a t e c o n t a i n m e n t e v a l u a t e d :

M e t h o d w i t h h i g h e s t t core:

r- 3> e- '7
6 W A S T E C H A R A C T E R I S T I C S
T o x i c i t y a n d P e r s i s t e n c e
C o n p o u n d ( s ) e v e l u a t e d :

- 3

. - r*Compound v i t h h i g h e s t score:

Ar- J, e- *
H a z a r d o u s W a s t e Q u a n t i t y
T o t a l q u a n t i t y o f hazardou s s u b s t a n c e s a t t h e f a c i l i t y , e x c l u d i n g tho s e
v i t h a c o n t a i n m e n t score of 0 ( G i v e a r ea s onab l e e s t i m a t e even i fq u a n t i t y is above saxiraum):

tr /(g, l3fte /33

Basi s o f e s t i m a t i n g a n d / o r c o m p u t i n g va s t e q u a n t i t y :

\o
* * *

4



5 T A R G E T S
G r o u n d W a t e r U s e *
U s e ( s ) c f a q u i f e r ( s ) o f concern w i t h i n a 3-mi l e r a d i u s o f t h e f a c i l i t y :

P i t t a n c e t o N e a r e s t W e l l
L o c a t i o n o f neare s t vei l d r a w i n g f r o m a q u i f e r o f concern or o c c u p i e d
b u i l d i n g not served by a p u b l i c wa t er s u p p l y :

**.

D i s t a n c e to above vei l or b u i l d i n g :
*r"-*J**JLi. •*•

P o p u l a t i o n S e r v e d b y G r o u n d W a t e r V e i l s V i t h i n a 3 - M i l e R a d i u s
I d e n t i f i e d w a t e r - s u p p l y w e l l ( s ) d r a w i n g f r o m a q u i f e r ( s ) o f concern
w i t h i n a 3-aile r a d i u s and p o p u l a t i o n s served b£ each: fn£

C o m p u t a t i o n o f land area i r r i g a t e d b y s u p p l y v e l l ( s ) drawing f roo
a q u i f e r ( s ) o f concern w i t h i n a 3-aile r a d i u s , and convers ion to
p o p u l a t i o n (1.5 p e o p l e p e r acre):

T o t a l p o p u l a t i o n served by ground water w i t h i n a 3-mile radius:



S U R F A C E W A T E R R O U T E

1 O B S E R V E D R E L E A S E
C o n t a m i n a n t s d e t e c t e d i n s u r f a c e wat er a t t h e f a c i l i t y o r d o w n h i l l f r om
i t (5 m a x i m u m ) :

JttJi

R a t i o n a l e f o r a t t r i b u t i n g t h e c o n t a m i n a n t s t o t h e f a c i l i t y :

* * *

2 R O U T E C H A R A C T E R I S T I C S
F a c i l i t y S l o p e a n d I n t e r v e n i n g T e r r a i n
A v e r a g e s l o p e o f f a c i l i t y i n p e r c e n t :

N e r a e / d e s c r i p t i o n o f nearest d o v n s l o p e s u r f a c e w a t e r :

fA v e r a g e s l o p e o f t errain between f a c i l i t y and above-cited s u r f a c e waterb o d y in p e r c e n t :

I s t h e f a c i l i t y l o c a t e d e i t h e r t o t a l l y o r p a r t i a l l y i n s u r f a c e water?



I s t h e f a c i l i t y c o m p l e t e l y s u r r o u n d e d b y area s o f h i g h e r e l e v a t i o n ?

1-Year 2 6 - H o u r R a i n f a l l i n I n c h e s

D i s t a n c e t o N e a r e s t D o u - n s l o p e S u r f a c e W a t e r

P h y s i c a l S t a t e o f V a s t e

* * *

3 C O N T A I N M E N T
C o n t a i n m e n t
K e t h o d ( s ) o f w a s t e o r l e a c h a t e c o n t a i n m e n t e v a l u a t e d :

M e t h o d wi th h i g h e s t score:



4 W A S T E C H A R A C T E R I S T I C S
T c x i c i t y a n d P e r s i s t e n c e
C o a p o u n T l ( s ) e v a l u a t e d

C o m p o u n d w i t h h i g h e s t s core

H a z a r d o u s W a s t e Q u a n t i t y
T o t a l q u a n t i t y o f h a z a r d o u s s u b s t a n c e s a t t h e f a c i l i t y , e x c l u d i n g tho s e
w i t h a c o n t a i n m e n t score o f 0 ( G i v e a r e a s o n a b l e e s t i m a t e even i f
q u a n t i t y i s above m a x i m u m ) :

Basi s o f e s t i m a t i n g a n d / o r c o m p u t i n g w a s t e q u a n t i t y :'
* * *

5 T A R G E T S
S u r f a c e W a t e r U s e
U s e ( s ) o f s u r f a c e va t e r w i t h i n 3 m i l e s d o w n s t r e a m o f t h e hazardouss ub s t anc e:

(&J,
. - (faj. }(, \



I t t h er e t i d a l i n f l u e n c e ?

P i t t a n c e t o a S e n s i t i v e Environment
D i s t a n c e t o 5-acre ( n i n i o u m ) c o a s t a l w e t l a n d , i f 2 m i l e s o r l e s s :

V. tf
D i s t a n c e t o 5-acre ( m i n i m u m ) f r e s h - w a t e r w e t l a n d , i f 1 m i l e o r l e s s

A LjuAjujo^^- uu*Jf-?'^@ M '-^. Sa^-jtv /j wf^Lfar- /DO

D i s t a n c e to c r i t i c a l h a b i t a t of an e n d a n g e r e d s p e c i e s or n a t i o n a l
w i l d l i f e r e f u g e , i f 1 s i l e o r l e s s :

P o p u l a t i o n S e r v e d b y S u r f a c e V a t e r
L o c a t i o n ( s ) o f w a t e r - s u p p l y i n t a k e ( s ) w i t h i n 3 m i l e s ( f r e e - f l o w i n g
b o d i e s ) o r 1 m i l e ( s t a t i c water b o d i e s ) d o w n s t r e a m o f t h e h a z a r d o u s
sub s tance and p o p u l a t i o n served by each i n t a k e :
fl-H On&U. fit

,
T s

516



C o m p u t a t i o n o f Und area i r r i g a t e d by above- c i t ed i n t a k e ( t ) andc o n v e r t i o n t o p o p u l a t i o n ( J . 5 p e o p l e p e r acre):

T o t a l p o p u l a t i o n s erved:

K e n e / d e s c r i p t i o n o f neare s t o f above vater b o d i e s :

D i s t a n c e t o above- c i t ed i n t a k e s , mea sured in s t r e a m n i l e s .
x^^UJLA

10



A I R R O U T E
.*r '

1 O B S E R V E D R E L E A S E
C o n t a m i n a n t s d e t e c t e d :o
D a t e a n d l o c a t i o n o f d e t e c t i o n o f c o n t a m i n a n t s

M e t h o d s used t o d e t e c t t h e c o n t a m i n a n t s :

R a t i o n a l e f o r a t t r i b u t i n g t h e c o n t a m i n a n t s t o t h e s i t e :

* * *

2 W A S T E C H A R A C T E R I S T I C S
R e a c t i v i t y a n d I n c o m p a t i b i l i t y
H o s t r eac t iv e c o m p o u n d :

M o s t i n c o m p a t i b l e pa ir o f c o m p o u n d s :

11



T o x i c i t y
M o s t toxiv compound:

H a z a r d o u s V a s t e Q u a n t i t y
T o t a l q u a n t i t y o f h a z a r d o u s w a s t e :

B a s i s o f e s t i m a t i n g a n d / o r c o m p u t i n g w a s t e q u a n t i t y :

* * *

3 T A R G E T S
P o p u l a t i o n W i t h i n & - M i l e R a d i u s
C i r c l e r a d i u s u s e d , g iv e p o p u l a t i o n , a n d i n d i c a t e h o w d e t e r m i n e d :
0 to it mi 0 to 1 mi 0 to 1/2 mi 0 to I/A mi

D i s t a n c e to a S e n s i t i v e Environment
D i s t a n c e to 5-acre ( m i n i m u m ) c o a s t a l w e t l a n d , i f 2 m i l e s or l e s s :

D i s t a n c e t o 5-acre ( m i n i m u m ) f r e s h - w a t e r w e t l a n d , i f 1 m i l e or l e s s :

12



D i s t a n c e to c r i t i c a l h a b i t a t o f an e n d a n g e r e d s p e c i e s , i f 1 m i l e orl e s s :

L a n d U t e
D i s t a n c e t o c o m m e r c i a l / i n d u s t r i a l area, i f 1 n i l e o r l e s s :

D i s t a n c e t o n a t i o n a l or s t a t e park , f o r e s t , or w i l d l i f e reserve, i f 2
i c i l e s or l e s s :

D i s t a n c e t o r e s i d e n t i a l area, i f 2 m i l e s o r l e s s :

D i s t a n c e to a g r i c u l t u r a l land in p r o d u c t i o n w i t h i n p a s t 5 years , i f 1
m i l e or l e s s :

D i s t a n c e t o prime a g r i c u l t u r a l lend in p r o d u c t i o n w i t h i n p a s t 5 y e a r s , i f
2 m i l e s or l e s s :

Is a h i s t o r i c or l a n d m a r k s i t e ( N a t i o n a l R e g i s t e r o r H i s t o r i c P l a c e s and
N a t i o n a l N a t u r a l L a n d m a r k s ) w i t h i n t h e view o f t h e s i t e ?

13



F I R E A N D E X P L O S I O N

f
1 C O N T A I N M E N T
H a z a r d o u s s u b s t a n c e s p r e s e n t :

T y p e o f c o n t a i n m e n t , i f a p p l i c a b l e :

* * *

2 W A S T E C H A R A C T E R I S T I C S
D i r e c t E v i d e n c e
T y p e o f i n s t r u m e n t a n d o e a s u r e m e n t s :

I g n i c a b i l i t y
Compound u s e d :

R e a c t i v i t y
M o s t r e a c t i v e c o m p o u n d :

I n c o m p a t i b i l i t y
H o s t i n c o m p a t i b l e p e i r o f compounds:

* * *



H a t a r d o u s W a s t e Q u a n t i t y
T o t a l q u a n t i t y o f h a z a r d o u s s u b s t a n c e s « t t h e f a c i l i t y :

B a s i s o f e s t i t a t t i n g a n d / o r c D e p u t i n g v a s t e q u a n t i t y :

* * *

3 T A R G E T S
D i s t a n c e t o N e a r e s t P o p u l a t i o n

D i s t a n c e t o N e a r e s t B u i l d i n g

D i s t a n c e t o S e n s i t i v e Environment
D i s t a n c e t o w e t l a n d s :

D i s t a n c e t o c r i t i c a l h a b i t a t :

Land U s e
D i s t a n c e to c o m m e r c i a l / i n d u s t r i a l area, i f 1 m i l e or l e s s :

15



i l e i T o r leV.7""~" "" ""*" *"'"' UTt"' o r v i » H f e r e t erve . if 2

M i t . n e t to r e s i d e n t i . l irei , if J aiu. or U«:

P o p u l a t i o n V i t h i n 2 - M i l e R a d i u s
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W A T E R R E S O U R C E S O F T H E H E B E R - K A M A S - P A R K C I T Y A R E AN O R T H - C E N T R A L U T A H
by

C. H. Baker, Jr., H y d r o l o g i s tU. S. Geolog i ca l Survey
A B S T R A C T

The H e b e r - K a m a s - P a r k C i t y area encompasses about 810 square mile s in Wasa t ch andS u m m i t Count i e s , in north-central Utah , and i n c l u d e s f o u r mountain v a l l e y s — H e b e r V a l l e y ,Rhodes V a l l e y , Parleys Park, and Round V a l l e y — w i t h most of the surrounding watersheds.Parl ey s Park and most of Rhodes V a l l e y are in the Weber River drainage basin; Heber and RoundV a l l e y s are in the Provo River drainage basin.
The Provo River rises in the southwestern U i n t a Mounta in s and f l o w s to Utah Lake! AtDeer Creek Dam, on the boundary of the s tudy area, the average annual discharge of the ProvoRiver for the 14-year period 1953-67 was 256,300 acre-feet per year; an a d d i t i o n a l 33,900acre-feet per year (average) was diverted for use out s ide the drainage basin. An average of 68,000acre-feet of water per year is added to the Provo River by diversion f r o m other drainage basins.
The Weber River has its headwaters in the northwestern U i n t a Mounta in s , and f l o w s toGreat Salt Lake. The average di scharge of the Weber River below W a n s h i p Dam near the northend of the s tudy area, for the 10-year period 1957-67, was 110,000 acre-feet per year. Duringthat p e r i od , an average of 50,600 acre-feet per year was diverted f r o m the drainage basin aboveW a n s h i p Dam. The surface-water discharge f rom Parleys Park enters the Weber River belowW a n s h i p Dam through East Canyon Creek and S i l v e r Creek; the d i s charge f r o m Parl ey s Parkaverages about 20,000 acre-feet per year.
The conso l ida t ed rocks of the Wasa t ch Range and U i n t a Mounta in s contain largequantities of ground water, mos t ly in fractures and solution openings, and numerous springsdi s charge water f r o m the consol idated rocks. Desp i t e the abundance of s p r i n g s and the fac t thatmine workings in the Wasat ch Range tap large f l o w s of ground water, most w e l l s y i e ld o n l y smalls u p p l i e s of water f r o m the conso l ida t ed rocks. The pr imary p e r m e a b i l i t y of the rocks is low, andw e l l s can produce large y i e l d s o n l y i f they intersect f ra c tur e s and s o l u t i o n openings.
Cons id era t i on of the water budget for Deer Creek Reservoir, a s t r ide the Char l e s t on thrustf a u l t , indicate s that there is no net loss of water f r o m the reservoir through the f a u l t . Anunbalance of about 17,000 acre-feet of water per year in the water budget for the v a l l e y fill inHeber V a l l e y , however, may represent o u t f l o w f r o m the v a l l e y through the con so l ida t ed rocks.
Most of the w e l l s in the area derive water f r o m the unconso l ida t ed a l l u v i a l f i l l in the f o u rval leys . The v a l l e y fill consists of a p o o r l y sorted mixture of rock material ranging in size f r o mc lay through boulders. There is no evidence to suggest the presence of zones of either very highor very low p e r m e a b i l i t y in any of the v a l l e y s : and the v a l l e y fill in all the v a l l e y s is saturated.genera l ly to within a few fee t of the land surface, mostly with unconf ined ground water.
G e o p h y s i c a l s tud i e s indicate that the v a l l e y fill may be as much as 800 f e e t thick in thedeepest par t s of H e b e r V a l l e y and more than 300 f e e t thick in most of Rhodes V a l l e y . Rocks ofT e r t i a r y and Quaternary age are more than 1,600 fee t thick in the northern part of Rhodes



per year. The d i f f e r e n c e , an average of 1,600 acre-feet per year, p l u s any diversions f r om BeaverCreek, is the conveyance loss of the canal.
The discharge of Beaver Creek is not measured, but the creek enters the Weber Riverbetween the stations near Oakley ( s i t e 2, f i g . 5) and near Peoa (site 4, f i g . 5). No other perennialtr ibutarie s enter thi s reach of the river, a l t h o u g h the Weber-Provo diversion is taken out: thed i f f e r e n c e in average discharge at the two stations, adju s t ed for the canal diversion, shouldth er e f or e a p p r o x i m a t e the average discharge of Beaver Creek. A l t h o u g h the average discharge ofthe Weber River near Oaktey for the entire l o n g period of record is 159.300 acre-feet per year,the d i s charge near Oakley for the period of record a v a i l a b l e near Peoa is s m a l l e r — a b o u t 139,000acre-feet per year. The Weber-Provo Canal divers ion (average for the period 50,600 acre-feet peryear) is removed f r o m the river below th i s s tat ion, l eav ing about 88,500 acre-feet per year as thedischarge of the main river above the g a g i n g site near Peoa. The average d i s charge at the s ta t ionnear Peoa, however, is 107,100 acre-feet per year; the river gains 18,600 acre-feet per year(average) between the two stations. Some of the gain is u n d o u b t e d l y ground-water dischargef r o m the u n c o n s o l i d a t e d d e p o s i t s in Rhodes V a l l e y , but most of the gain is the d i s charge ofBeaver Creek; an arbi trary es t imate of the contr ibut ion f r om Beaver Creek is about 17,000acre-feet per year.
The g a g i n g s ta t ion on East Canyon Creek is many mile s downstream f r o m the area of thi ss tudy; less than h a l f the d r a i n a g e area of the creek above the g a g i n g s ta t ion is in the s tudy area. Itis probable , t h e r e f o r e , that the average discharge of East Canyon Creek f r o m the s tudy area doesnot exceed 15,000 acre-feet per year.

Chemiul quality

All surface water f r o m the Weber River drainage basin that was analyzed was chemica l lys u i t a b l e for domest ic , stock, and i r r i g a t i o n use. C h e m i c a l analyse s of seven s a m p l e s of sur fac ewater f rom the Weber River drainage basin are reported in table 5. All the samples are d i l u t ecalcium bicarbonate t y p e water. The most concentrated of the seven sampl e s (445 m g / l ) wasfrom S i l v e r Creek at the old S i l v e r K i n g Mine near Park City. The stream at that point almostc e r ta in ly i n c l u d e d ground water d i s c h a r g i n g f r o m the mine tunne l s , which is more concentratedthan most surface water in the area.

G R O U N D - W A T E R H Y D R O L O G Y
Ground water in the consolidated rocks

The conso l ida t ed rocks in the H e b e r - K a m a s - P a r k C i t y area are an important element inthe total ground-water system of the area. S p r i n g s and w e l l s that di s charge water f r o m theconsol idated rocks are the p r i n c i p a l source of s u p p l y for water users in the mountains. Moreover,much of the water that enters the rocks in the mountains either reappears as s pr ing s a l o n g themargins of the val leys or moves into the unconso l idated v a l l e y fill as recharge in the subsurface.

Watcr-beiring units

The conso l idat ed rocks u n d e r l y i n g the Heber-Kamas-Park C i t y area range in age f r o mPrecambrian to Quaternary- A generalized s trat igraphic summary of the consolidated rocks is
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given in table 1. T h i s is a composite section end nowhere in the area are ell the f o rmat i on spresent Pla t e 2 is a geologic map showing the creel d i s t r i bu t i on of the various rock units.
The rocks in both the Wasatch Range and the U i n t a Mountains have been subjected toconsiderable d e f o rmat i on and are grea t ly frac tured, f a u l t e d , and f o l d e d . The most prominentdi sp lacement in the area is the Charles ton thrust f a u l t , which crosses the south end of H e b e rV a l l e y . Several smal l er thrust f a u l t s have been mapped , and h igh-ang l e f a u l t s of smal ldisplacement are numerous. J o i n t s and fractures are ubiquitous, and solution openings arecommon in the carbonate rocks. Thes e openings and the f a u l t s p l a y a m a j o r role in c o n t r o l l i n gthe movement of ground water in the area. S m a l l f o l d s are a b u n d a n t l y present, but they exertl i t t l e i n f l u e n c e on ground-water movement *Water moves through the rocks along the abundant frac ture s , s o lu t ion openings, and f a u l tp lane s , and thus any f ormat i on may be, at least l o c a l l y , water bearing. In his report on the ParkC i t y M i n i n g District. Boutwell (1912 , p. 24) observed that the water in the mines came"p r i n c i p a l l y f r o m "the red shale and massive quartzite" ( W o o d s i d e F o r m a t i o n and WeberQ u a r t z i t e ) , O f f i c i a l s of the Uni t ed Park C i t y M i n i n g Co. agree that most of the water in thatc o m p a n y ' s workings appears in tunne l s that penetrate the Weber Quartzi t e (J. Iver s , Jr., oralcommun., 1967).

In 1967, the few we l l s in the pro j e c t area that were f i n i s h e d in the conso l ida t ed rocksderived their water f r o m only 11 of the more than 30 g eo l og i c units under the area. Theproduc ing f o r m a t i o n s were the Quaternary t u f a depo s i t s , the T e r t i a r y volcanic rocks, the K n i g h tConglomerate , the Preuss Sand s t one , the T w i n Creek Limestone, the N u g g e t S a n d s t o n e , theC h i n l e F o r m a t i o n , the Ankareh F o r m a t i o n , the T h a y n e s F o r m a t i o n , the Oquirrh F o r m a t i o n , andthe Weber Quartzite. Other units, e s p e c i a l l y the carbonate rocks of Pennsylvanian, M i s s i s s i p p i a n ,and Devonian age, y i e ld water to spr ing s in the area, and Feltis (1966, p. 14-17) states that in theU i n t a Basin, southeast of the s tudy area, some water is obtained f r o m the Park C i t y F o r m a t i o n ofPermian age and f r o m the U i n t a F o r m a t i o n of T e r t i a r y age. More w e l l s in the s t u d y area obtainwater f r o m the T e r t i a r y volcanic rocks than f r o m any of the other f o r m a t i o n s , p robab ly becausethe volcanic rocks are the shal lowes t conso l idated rocks in the areas where most of the bedrockw e l t s are located.

A q u i f e r characteristics

In a broad way. for the purpose of e v a l u a t i n g area! movement of ground water, the h i g h l yfractured rocks of the Wasatch Range can be regarded as a s i n g l e homogeneous^aquifer, and thesame is p r o b a b l y true oi the rocks in the U i n t a Mountains . On the small scale involved ins e l e c t ing sites for the deve lopment of water s u p p l i e s , however, the a q u i f e r s are gros s lyheterogeneous. I n f o r m a t i o n f r om drillers' tests of w e l l s f i n i s h e d in the conso l ida t ed rocks showsthat the development of s u p p l i e s of water s u f f i c i e n t for i rr iga t i on , indus tr ial needs, or p u b l i cs u p p l i e s f rom the consolidated rocks d e p e n d s upon the w e l l s intersecting water-bearing fractures .Even in a frac ture system that is p r o p e r l y described as "closely spaced," however, the di s tancebetween adjacent frac ture s may be very large compared to the diameter of a wel l . Hence, theconstruction of we l l s to intercept water moving through f rac tur ed rocks tends to be a"hit-or-miss" a f f a i r . The large discharge of water from mine tunnels near Park C i t y should not betaken as an indicat ion of the po t en t ia l yie ld of wells. Each tunnel drains many miles of workings,whereas a well u s u a l l y drains a r e l a t i v e l y small area. S m a l l s u p p l i e s , adequate for domest ic use ins i n g l e - f a m i l y d w e l l i n g s , can probab ly be obtained from several of the consol idated rock units.
Drillers' reports of a few wel l s (table 3) include the results of p u m p i n g tests, genera l ly ofon ly a few hours duration. The test results were evaluated by the method of T h c i s and others( 1 9 6 3 ) to derive the values of a q u i f e r transmis s ivi ty included in tab l e 1.
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T a b l e 1 . — G e n e r a l i z e d s t r a t i g r a p h i c summary of the conso l idated rocks of theHeber-Kamas-Park C i t y area
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T a b l e 1.-Generalized s trat igraphic summary of the consolidated rocks of theHeber-Kamas-Park C i t y area-continued
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R«charge

In most of the mountainous area, the soil cover is thin and permeable , and rain orsnowmelt can i n f i l t r a t e r ead i ly . The r a p i d i t y of i n f i l t r a t i o n into the rocks in the mountains isindicated by the reports that the discharge of the mine tunne l s in the Park C i t y area increasesno t i cab ly dur ing the period of s pr ing snowmelt and r u n o f f . Moreover, observation well(D-2-5)32bad-1, f i n i s h e d in the T e r t i a r y volcanic rocks, shows smal l rises of water level o n l y afew hours a f t e r a rainstorm over the area. The water level in one of the n o n f l o w i n g thermalsprings near M i d w a y (see p. 21) also rises r a p i d l y in response to rain or snowmelt in themountains.

Movement

As has been ind i ca t ed , water moves through the conso l idated rocks r e a d i l y , p r i n c i p a l l yalong the abundant zones of f r a c t u r i n g and so lu t ion openings. The direction of movement is, ingeneral, downhil l from recharge areas in the mountains to discharge areas near the margins of thevalleys.
Whether any a p p r e c i a b l e amount of water leaves the s tudy area through the conso l idat edrocks is difficult to ascertain, but an unbalance of 17,000 acre-feet per year in the gound-waterbudget for Heber V a l l e y is probably due to movement out of the v a l l e y through the conso l idat edrocks. The structural feature most commonly suspected of draining water from the erea is theCharle s ton thrust f a u l t , which passes ent ire ly through the Wasatch Range. Deer Creek Reservoir,on the Provo River, l ies d i r e c t l y across the outcrop of the Charle s ton and associated Deer Creekthrust f a u l t (see pi. 2), and the water budget for Deer Creek Reservoir (see p. 8) indicate s thatthere is no loss of water f r o m the reservoir along the thrust planes . Because there is no de t e c tab l emovement of water f rom Deer Creek Reservoir down the Char l e s t on thrust f a u l t , it is probablethat no significant amount of ground water leaves the study area along the f a u l t .
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Dbcharg*

The pr inc ipa l manmade discharge of water f r o m the consol idated rocks in the area isthrough the extensive mine workings in the vicinity of Park Ci ty (fig. 7). The amount of waterdischarged by the few sma l l - capac i ty we l l s that penetrate the consol idated rocks is only a verysmall part of the total discharge. N a t u r a l discharge is through numerous spr ings , mo s t ly aroundJhe margins of the vallevs. end through direct i n f i l t r a t i o n into the unconsol idated d e p o s i t s in th¥valleys.
The total discharge f r o m mine tunnel s is estimated as at least SO cfs (cubic f e e t persecond) or 36,000 acre-feet per year. The discharge of the S p i r o T u n n e l , near Park C i t y , wasreported in 1935 as about 15 cfs and "a rather s teady f l o w " for several years (G. H. T a y l 9 r ,written commun., 1935). The f l o w of Drain T u n n e l Creek, which consists p r i n c i p a l l y of thedischarge of the Ontario No. 2 Drain T u n n e l , is measured at a weir about 5 mi l e s downstreamfrom the mouth of the tunnel (fig. 2). The losses to evapo t ran sp i ra t i on between the tunnelmouth and the weir probab ly equal or exceed any gains f r o m ground-water di scharge to the tstream. The average discharge of Drain T u n n e l Creek is 15.9 cfs (18 years of record). The r~drainage f r o m the M a y f l o w e r M i n e enters Drain T u n n e l Creek downstream f r o m the * 'above-mentioned weir; in 1967-68 the discharge of the M a y f l o w e r M i n e drainage was estimated asabout one-half that of Drain T u n n e l Creek at the weir. S m a l l e r amounts of water are dischargedf r o m other tunne l s in the area.
The water discharged f r o m the A l l i a n c e T u n n e l ( q u a n t i t y unknown) provide s th emunic ipal s u p p l y for Park C i t y ; the discharge f7om the other t u n n e l s i s used for i r r i g a t i o n inParleys Park and Heber V a l l e y .

A large but undetermined amount of water is di scharged f r o m the conso l ida t ed rocksthrough numerous springs. In 1968, the Utah State E n g i n e e r ' s records inc luded c la ims to waterf r o m about 250 spr ing s that discharge water f r om the conso l idated rocks. The springs are nearlyall associated with frac ture s or so lu t ion openings. The largest s p r i n g s in the area f l o w f r o msolut ion openings in the limestones of Pennsylvanian and M i s s i s s i p p i a n age. For e xampl e , threespr ings near the mouth of Snake Creek Canyon discharged about 13 cfs f r om the l imes tonesdur ing the summer of 1967.
An unusual h y d r o ' o g i c f e a tur e of H e b e r V a l l e y i s a group of thermal spr ing s near thetown of Midway. A l t h o u g h the s p r i n g s are located on the Snake Creek a l l u v i a l f a n , and areunderlain in part by a l l u v i u m , their source is deep seated and they represent di scharge f r o m theconsol idated rocks. A more de ta i l ed discussion of the thermal s p r i n g s has been given elsewhere(Baker, 1968), and they w i l l be described only b r i e f l y here.
Most of the thermal spr ings do not f l o w and are known l o c a l l y as "hot pots." The t y p i c a lhot pots are small poo l s of warm water that occupy s h a l l o w depress ions in the tops of mounds ofcalcareous t u f a (fig. 8). Seventeen hot pots in the area have been examined by the writer. F o u r ofthe hot pots are a r t i f i c i a l l y discharged to s u p p l y water to swimming poo l s at resorts, 2 pots ;occas ionally overf low, and the other 11 discharge water at the land surface on ly by evaporation,al though some thermal water may be discharged into the val l ey fill in the subsurface.
The temperature of the water in the 13 pot s without a r t i f i c i a l discharge ranges f r om 12°to 34°C ( 5 4 ° - 9 4 F), and the highest temperatures are in the 2 pots that occasionally overflow.Water temperature in the 4 pots that are a r t i f i c i a l l y di scharge ranges f r om 38° to 40°C(100°-104°F). A d d i t i o n of heated water f rom below to many of the po t s is very slow, and thewater of a few pots-irtdwer than that proper ly c la s s i f i ed as "thermal."
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F i g u r e 7.-Water di s charging f rom the S p i r o Tunne l near Park City.Water moves from the tunnel mouth to this drainage d i t ch throughthe p i p e in the background. Discharge is about 15cubic fee t per second.

F i g u r e 8 . — T y p i c a l hot pot near Midway. View looking east f r om apoint about 7 fee t above the ground. The opening is about G f e e tin diameter and the top of the rim is about 5 fee t above theroad in the upper l e f t corner of the photograph. Waterlevel is about 1.5 fee t below the rim.
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In add i t i on to the hot pots, at least 7 thermal spr ings in the area f l o w p e r enn ia l ly . Thedischarge of these spr ings ranges f r o m a few g a l l o n s per minute to about 3 c f s ; the to ta l dischargeof the 7 spr ings in 1967 was about 7 c f s . The water temperature of the 7 f l o w i n g s p r i n g s rangesf r o m 30° to 46CC (86°-144°F).

Chemical qual i ty

Nearly all tne nonthermal water f r om the conso l idated rocks is su i tab l e for domestic useaccording to the s tandard s of the U. S. P u b l i c Health Service ( 1 9 6 2 ) ; the ex c ep t ion is some waterf r o m the volcanic rocks that is h i g h in iron. All the water is hard to very hard, and many residentsof the area use ion-exchange t y p e s o f t ener s in their domestic water systems. Water f r o m the, hotpots is too mineralized to be de s irable for domestic use, and p l e n t i f u l s u p p l i e s of bet ter water areavailable f r o m the spr ing s that f u r n i s h the p u b l i c s u p p l y of Midway. Even water f r o m the hotpot s is used by livestock; and, according to the criteria e s tabl i shed by the U. S. Department ofAgricul ture (U.S. S a l i n i t y Lab. Staff. 1954), all water from the consolidated rocks in the area issui table to use for irrigation. A l t h o u g h water f r o m the hot pots is in the high s a l i n i t y hazard classfor irrigation, it can be used for sa l t- to l erant crops on the premeable and wel l-drained so i l s inHeber V a l l e y .
S a m p l e s of water for chemical analys i s were collected f r o m 28 spr ings , we l l s , and tunne l sthat tap the consolidated rocks; the analyses are inc luded in table 5. The locations f r o m whichthe sample s were col lec ted and diagrammatic representations of the concentrations of thepr inc ipa l dis solved s o l i d s in some of the sample s are shown on p l a t e 3. F o u r kinds of water can bedi s t ingui shed f r om f o u r general sources in the conso l idated rocks. F i g u r e 9 i l l u s t r a t e s averageanalyses of sampl e s of the f o u r k inds of water.
Water f r om the sandstones and l imestones of J u r a s s i c age and o l d e r is represented bydiagram 1 (fig. 9). The water is of calcium magnesium bicarbonate t y p e and is not h i g h l ymineral ized; the concentration of dissolved s o l i d s in 13 sample s f r o m these f o r m a t i o n s rangedf r o m 104 to 488 m g / l . Most sample s were hard according to the c l a s s i f i c a t i o n of the U. S.Geolog i ca l Survey (more than 120 m g / l hardness), and many sample s were in the very hard range(more than 180 m g / l ) . The concentration of s i l i ca was low; the s ampl e s ranged f r o m 8.2 to 25m g / l , but most were below 20 m g / l . The percentages of s u l f a t e and c h l o r i d e were low (each lessthan 20 percent of the total anions), and c h l o r i d e was g e n e r a l l y s l i g h t l y lower than s u l f a t e .
Diagram 2 (fig. 9) is t y p i c a l of water f r o m the shales of T r i a s s i c age; 1 s a m p l e wasco l l e c t ed f r o m a spr ing , 1 f r om a w e l l , and 3 f r o m mine drain tunnel s . The water is of calc iums u l f a t e type, and g e n e r a l l y more concentrated than that f r om the l imes tones and sandstones. Theconcentration of d i s so lved s o l i d s in 5 samples ranged f r o m 218 to 691 m g / l . All s ampl e s were inthe very hard range; the hardness of 2 sample s exceeded 300 m g / l . Concentrations of s i l i ca rangedf r o m 6.3 to 21 m g / l .
Water f r om the volcanic rocks is represented by diagram 3 (fig. 9). The volcanic rocksyie ld calcium bicarbonate type water; the concentrations of 5 sample s ranged f r o m 249 to 1,020m g / l . F o u r sample s were in the very hard range, but water f r om the volcanic rocks was g e n e r a l l ys o f t e r than water f r o m the shales. Concentrations of s i l i ca were much higher in those sample sthan in water f r om other sources in the area. The s i l i ca concentration ranged from.22 to 52 m g / l .but only 1 sampl e was below 30 m g / l . The relative concentrations of s u l f a t e and ch lor ide in thesewaters was also d i s t inc t iv e; the sample s contained f r o m 3 to 5 times as much c h l o r i d e us s u l f a t e .The volcanic rocks are the only consolidated rocks in the area that yie ld water containing
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sub s tant ia l ly more chloride than s u t f a t e . One sample was very high in iron (34 mg/l), but thisseems to be a local condition; the few other analyses indicate l i t t l e or no iron in solution.
Water from the hot pots is a calcium s u l f a t e bicarbonate type (diagram 4, fig. 9), end isby far the most mineralized water in the area. Concentrations of di s solved s o l i d s in 10 samples ofthe thermal water ranged f r o m 1,650 to 2,160 mg/l, and total hardness ranged from 960 to 1,270mg/l. The water is saturated with respect to calcium carbonate at normal temperatures andpressures; calcium carbonate prec ip i ta te s from sample s that are allowed to stand for a few daysexposed to the atmosphere.

Ground water in the unconsolidated depos i t s
The pr inc ipa l source of water to we l l s in the Heber-Kamas-Park C i t y area is theunconsolidated a l l u v i a l fill in the major val l eys . Unconso l idat ed d e p o s i t s in the mountains havef i t t i e s igni f i cance as aqui fers . The s t ra t igraphy, l i t h o l o g y , and water-bearing characteristics of theunconsolidated depos i t s are summarized in table 2. The areal d i s t r i bu t i on of the various units isshown on p la t e 2.

k

T a b l e 2.-Generalized descript ion of the unconsolidated d e p o s i t s in theHeber-Kamas-Park Ci ty area
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Heber V a l l e y

Heber V a l l e y , on the Provo River, is the largest of the f o u r v a l l e y s inc luded in the s tudyarea (pi. 1 and fig. 1). The v a l l e y f l o o r is roughly tr iangular in p l a n and has an area of about 44square miles. The Provo River enters the va l l ey at the northern apex of the t r iang l e and f l o w s outnear the southwestern apex. Three small tributaries of the Provo River-Lake, Center, and Danie l sCreeks—enter the valley near the southeastern apex, and a four th tributary. Snake Creek, entersabout midway on the western side of the valley. The val l ey f l o o r is t h i c k l y blanketed withunconsolidated debris, and each of the tributary streams has built a substantial a l l u v i a l fan at themouth of its canyon.
Two wel l s in Heber V a l l e y that pass through the entire thickness of unconsolidatedmaterial reached consolidated rocks at depth s of about 310 fee t Geophys i ca l studies, however.
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indicate that the maximum thickness of the unconsolidated depos i t s may exceed 800 f ee t l o c a l l y(see append ix , p. 67). The material is poorly sorted, and because there are no w e l l - d e f i n e d bedsof material of very low or very high permeability, the unconsolidated val l ey fill can be treated asa single, e s sentially homogeneous, water-table aquifer.
Aquifer characteristics.-^^ calculated hydraul i c conductivity of the a q u i f e r in HeberV a l l e y is about BO f t » / d a y / f t * (cubic feet of water per day per square f o o t ) , and thetransmissivity is in the range of 6,700-20,000 f t » / d a y / f t . These values were calculated usingvalues of s p e c i f i c capacity of we l l s obtained from drillers' tests and using the value forground-water accretion to Deer Creek Reservoir calculated on page 8. Conventional aqui f er testswere not made because the val l ey contains no large-capacity wells. i
Drillers' reports for 35 w e l l s in the v a l l e y include the results of p u m p i n g or ba i l ing tests,general ly of 2 hours duration or less (table 3). The s p e c i f i c capacities determined f r o m these testsranged f r om 0.2 to 25 gpm ( g a l l o n s per minute) per foot of drawdown. Because the s p e c i f i ccapacity of a well is greatly in f luenced by the well construction-thickness of a q u i f e r penetratedand open to the wel l , method of f i n i s h , method and amount of development and a host of otherfactors-as well as the duration of the test, the largest s p e c i f i c capacities are probably mostindicative of the potential of the aquifer. The largest sp e c i f i c capacities of wells in Heber V a l l e y(25 gpm per foot of drawdown) were used to calculate the a q u i f e r transmisivity by the methodof T h e i s and others (1963); the calculated transmissivity was about 6,700 f t » / d a y / f t .
The calculated ground-water accretion to Deer Creek Reservoir is 47,000 acre-feet peryear (p. 8). Using Darcy's law in the form:

T - 1 1 9 . 4 Q / I L
where Q is the ground-water discharge (47,000 acre-feet per year), I is the s l o p e of the watertable near the reservoir (0.02 foot per f o o t ) , and L is the l eng th of the reservoir shorelineadjacent to the v a l l e y fill (13,900 f e e t ) , the transmissivity, T, is calculated as about 20,000f t * / d a y / f t

The sp e c i f i c y i e ld of the aqu i f er material was estimated from drillers' logs as f o l l o w s :Each logged material was assigned a value of s p e c i f i c yie ld and this value was m u l t i p l i e d by thepercent of the total depth logged as that material; the resulting f i g u r e was the weighted spe c i f i cyield for the given material in that hole. The weighted s p e c i f i c y i e l d s of all the materials reportedin each log were summed to give the average s p e c i f i c yield of all the material d r i l l e d . The valuesof s p e c i f i c yield assigned to the various materials reported by the d r i l l e r s were values that havebeen determined large ly by hydrologi s t s in other areas and the interpretation of drillers' termsf o l l o w e d the schemes summarized by Johnson (1967, tables 17 and 24).
The spe c i f i c yield of the upper.30 feet of the aqui fer material was estimated from 20 logs;the values of s p e c i f i c yie ld ranged from 8 to 20 percent and averaged about 14 percent. Thesp e c i f i c yield of the total thickness of material penetrated was estimated from 17 logs of thedeepest well s in the valley. The total depths of the well s ranged from 100 to 225 feet andaveraged 144 f e e t ; the values of s p e c i f i c yield ranged from 7 to 21 percent and averaged about 12percent. Accord ing ly , the value of 14 percent (for the u p p e r 30 fee t of the mater ial) was used tocompute annual recharge, and the value of 12 percent (for the total thickness of the val l ey fill)was used to compute the amount of water in recoverable storage in the aquifer.
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Ground-water budget-The ground-water budget for the v a l l e y fi l l in Heber V a l l e y i ssummarized as f o l l ows:

Acre-feetRecharge:
Irriga t i on water and p r e c i p i t a t i o n on thevalley f l o o r .................................. 56.000
Subsur fac e i n f l o w ................................ 30,000i

T o t a l recharge: 86,000

Discharge:
Net evapotranspiration loss (evapotranspirat ionless prec ip i ta t ion) ............................... 11,000

To Deer Creek Reservoir ............................ 47,000
To Provo River .................................. 11,000
Subsurface o u t f l o w ............................... 17,000

T o t a l discharge: 86,000
The derivation of each of these values is e xp la ined in the f o l l o w i n g sections on rechargeand discharge.
In the ca l cu la t i ons of recharge and discharge (both in Heber V a l l e y and in Rhodes V a l l e y )the assumption is made that p r e c i p i t a t i o n on the v a l l e y f l o o r is ent ire ly consumed byevapotranspiration. T h i s a s sumption is, of course, an o v e r s i m p l i f i c a t i o n ; some of the p r e c i p i t a t i o nreaches the water table as recharge and some runs off as surface water. The calculated t o t a l s forboth recharge and discharge are not a f f e c t e d by the s i m p l i f i c a t i o n .
Recharge.—The unconsolidated d epo s i t s in Heber V a l l e y are recharged by p r e c i p i t a t i o non the val l ey f l o o r ; by i n f i l t r a t i o n of sur face water, e s p e c i a l l y water spread over the land forirrigation; and by subsurface i n f l o w f r om the surrounding consol idated rocks. The amount ofrecharge derived from the i n f i l t r a t i o n of precipi tat ion is small and probably occurs pr imari lyduring the spring period of snowmelt. Direct i n f i l t r a t i o n of water f r o m the Provo River is alsos m a l l ; most of the time the Provo River through Heber V a l l e y is a ga in ing stream and removeswater f rom the a q u i f e r rather than a d d i n g water to it
The i n f i l t r a t i o n of irrigation water is the major source of recharge to the va l l ey fill. Mostof the va l l ey bottom is irr igated, and because the i n f i l t r a t i o n rate is rap id , each a p p l i c a t i o n ofirrigation water adds considerable recharge to the aqui f er .
The average annual recharge in Heber V a l l e y is somewhat more than the average annualchange in storage, but the d i f f e r e n c e between annual change in storage and annual recharge
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probably is not great. Hence, the average annual change in storage can be used as the budgetestimate for average annual recharge.
The average annual change in storage in the water-table a q u i f e r is equal to the product ofthe annual change in saturated thickness, the s p e c i f i c yield of the a q u i f e r material, and the areaof the aquifer.
Water l eve l s in about 25 wel l s in all parts of Heber V a l l e y were measured by variousagencies, and were reported by the Prove River Commissioner, dur ing the period 1945-60. TheCommissioners' reports d i s t ingu i sh f o u r subareas or divisions of the valley. The f o u r divisions,their approx imate areas, and the average annual change of saturated thickness in each division forthe period 1945-60 ( f r o m theProvo River Commissioners' Annual Reports) are tabulated below:

Average annual change
Area in saturated thickness

Division (acres) ( f e e t )
Above irrigation 3,000 4.97
M i d v a l l e y 21,000 25.58
Lower va l l ey 3,200 13.62
River bottom lands 800 7.58

The estimated average s p e c i f i c yie ld of the upper 30 f e e t of the aqu i f e r materials is 14percent; if that estimate and the tabulated f i g u r e s are used in the equation, the computed averageannual change in storage in the unconsol idated depo s i t s in Heber V a l l e y is 86,000 acre-feet.
The pr inc ipa l sources of recharge to the v a l l e y fill, as stated earlier, are i n f i l t r a t i o n ofirrigation water and subsurface i n f l o w f rom the consolidated rocks. N e g l e c t i n g minor sources ofrecharge, the approx ima t e contribution from each of the p r i n c i p a l sources can be calculated f romthe f o l l o w i n g data:
The total amount of water diverted for irrigation in Heber V a l l e y each year is reported bythe Provo River Commissioner; the average for the period 1945-60 was 87.000 acre-feet per year.
The average amount of water required by crops in the va l l ey dur ing the irrigation season(May-Sept ember) can be calculated by the Blaney-Cridd l e method (Blaney and Criddle . 1962).Using data pub l i shed by the Utah State Engineer's o f f i c e ( C r i d d l e and others, 1962) for hay andmixed pastures in Heber V a l l e y , the crop water requirement is calculated as 43,000 acre-feet perirrigation season.
Part of the water required by the crops wi l l be furni shed by p r e c i p i t a t i o n during thegrowing season. Using data f rom the May-September prec ip i ta t ion map of Utah (U. S. WeatherBur., 1963), the pr e c ip i ta t i on on the va l l ey f l o o r during the irrigation season is calculated as12,000 acre-feet
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So the contribution to recharge, in acre-feet, f rom irrigation is:

Water diverted for irrigation .............................. 87.000
Plus p r e c i p i t a t i o n ..................................... +12,000

T o t a l : 89,000
Less crop water requirements ........................... .—43,000

D i f f e r e n c e (available for recharge): 56,000 *
And the contribution f rom subsurface i n f l o w , in acre-feet, is: «

Total recharge ........................................ 86,000
Less recharge f r o m irrigation ........................... .—56.000

D i f f e r e n c e (recharge from subsurface in f l ow): 30,000
Movement.—The direction of ground-water movement through the unconsol idateddepo s i t s in Heber V a l l e y is shown by the water-table map (fig. 10). In general, the direction ofmovement is toward the Provo River and downvalley. During per iods of peak stream discharge,the direction of movement in the immediate vicinity of the river probab ly would be reversed.
The water-table map indicates that Snake Creek, l i k e the Provo River, is g e n e r a l l y againing stream in Heber V a l l e y . The three tributaries f r o m the east ( L a k e , Center, and Danie l sCreeks), however, are losing streams. The coarse-grained fan deposi t s across which these streamsf l o w as they enter the v a l l e y are at a l t i t ud e s well above the main v a l l e y f l o o r , and the water tableis several tens of f e e t below the surface of the fans (fig. 11). The increased d e p t h to water in thearea of these a l l u v i a l f a n s r e f l e c t s the higher a l t i t u d e of the land surface; the s lope of the watertable beneath the f a n s is about the same as the s lope of the water tab l e elsewhere in the va l l ey(f ig . 10).
Water-level fluctuations.—The water level in we l l s in Heber V a l l e y f l u c t u a t e s in responseto the seasonal recharge-discharge cycle (figs. 11 and 12 and table 7). G e n e r a l l y the water table ishighest in late May or early J u n e and g r a d u a l l y dec l ines through the summer, f a l l , and winter.The lowest level of the year is commonly reached in February or March, shor t ly before the springthaw. W i t h the coming of the thaw and the heavy spring r u n o f f , the water table rises r a p i d l y , andagain reaches a high in May or J u n e . T h i s seasonal rise and fall of the water level is i l l u s t r a t e d bythe graph of well (D-4-4)14abb-1 (fig. 12).
Man's activities have somewhat altered the cycle in Heber V a l l e y . One e f f e c t is theintermittent a d d i t i o n of recharge by irrigation during the growing season. In well (D-4-4)23bcc-1(fig. 13), the smooth summer dec l ine of the water level is interrupted by many small but rapidrises, each re sul t ing f rom the rapid i n f i l t r a t i o n of irrigation water a p p l i e d to nearby f i e l d s . Asecond e f f e c t of man's activit ies is shown by the same g r a p h — n e a r Deer Creek Reservoir thewater level in the a q u i f e r is controlled by the water level in the reservoir (fig. 13). Except for theminor f l u c t u a t i o n s from irrigation during the growing season, the graph of the water level in thewell is a subdued image of the graph of the water level in the reservoir.
Comparison of the long-term graphs with the graph of departure f r o m normalpre c ip i t a t i on at Heber (fig. 12) shows that the aqu i f e r is in a state of equi l ibr ium, with recharge
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F i g u r e 12 .—Water levels in selected wel l s in Heber V a l l e y and cumulativedeparture from the 1931-60 normal annualprec ip i ta t ion at Heber.

about balanced by discharge. Very wet or very dry years are re f l e c t ed by unusually high or lowwater levels, but the peaks of each graph cluster about an average line, and there is no indicationof a s igni f i cant long-term change in water levels in H e b e r V a l l e y .
Storage.—The total volume of water in storage in an aquifer can be calculated bym u l t i p l y i n g the total volume of the aqui fer by the total porosity of the aquifer material, but sucha f i g u r e is of l i t t l e value, because part of the water in an a q u i f e r is held t i g h t l y by molecularforces and cannot be recovered. The recoverable water in storage, that is, the volume of waterthat can be removed from storage by wells, is equal to the product of the volume of the aqui f erand the sp e c i f i c yield of the aquifer materials. It is d i f f i c u l t to get an accurate estimate of thetotal volume of a l luv ia l fill in a valley, but the volume of water theoretically recoverable fromthe u p p e r 100 fee t of the aqu i f e r can be calculated.
Availab l e information on the thickness of the va l l ey fill in Heber V a l l e y indicates that itextends at least 50 feet below the water table under most of the valley and at least 100 feet
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below the water table under at least two-thirds of the valley. The average s p e c i f i c yie ld of theaqui f er material to a d ep th of 100 fee t is estimated as 12 percent. Using these f igures , the volumeof water theoret i cal ly recoverable from dewatering 100 feet of the unconsolidated deposits inHeber V a l l e y is calculated thus:
28,000 acres x 50 f e e t x 12 percent « 170,000 acre-feet ( a p p r o x i m a t e l y ) for the upper 50f e e t and;
28,000 acres x 60 f ee t x 0.66 x 12 percent«= 110,000 acre-feet ( a p p r o x i m a t e l y ) for thenext 50 f e e t ;
total 170,000 + 110,000 ~ 280,000 acre-feet
The statement that 280,000 acre-feet of water is t h eor e t i ca l ly recoverable f rom the upper100 feet of val l ey fill in Heber V a l l e y should not be construed to mean that it is practicable,under present conditions, to recover a l l , or any substantial part, of that amount. The calculated280,000 acre-feet of water could be removed only by dewatering the upper 100 feet of theaquifer. However, the ground water in the valley fill and the surface water in the Provo River andits tributaries are two parts of a system that is presently in dynamic equilibrium. E f f o r t s todewater any part of the a q u i f e r would, of course, upset that equilibrium, and would havefar-reaching e f f e c t s on the system. T h i s point is discussed in greater detail on pages 4&47.

•_——"^^M

H t f l u n i J u l y A m . S t p t . O c t . H e * . B t c . | J i n . F « b . K « r .1967 J u l y

F i g u r e 13.-Water levels in well (D-4-4)23bcc-1, near the south endof Heber V a l l e y , and water stage in Deer Creek Reservoir.
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Discharge. — G r o u n d water is discharged f r om the unconsolidated depos i t s in Heber V a l l e yby p u m p i n g from wel l s , by evapotranspiration, by e f f l u e n t seepage, and probably by subsurfaceo u t f l o w through the surrounding consolidated rocks.
The total volume of water pumped from we l l s in the va l l ey is very smal l , and there havebeen no drastic changes in irrigation practice for many years; hence the long-termrecharge-discharge regimen is f a i r l y stable and should be in balance. The average annual discharge,there fore , should be about 86,000 acre-feet per year.
The total evapotranspiration from Heber V a l l e y , calculated by the Blaney-Criddl e method( B l a n e y and C r i d d i e , 1962) is about 81,000 acre-feet per year, (evaporation f r o m Deer CreekReservoir is not included in this amount). Part of the evapotranspiration loss is the prop waterrequirement and is s u p p l i e d by irrigation water and summer pre c ip i ta t i on (p. 28); and accordingto the assumption made on page 27, part of the loss w i l l be s u p p l i e d by the winter prec ip i ta t ion.The net evapotranspiration loss from the ground-water body, therefore, is calculated as f o l l o w s :

Acre-fee tTota l evapotranspirat ion ............................ 81,000
Less crop water requirement(irrigation water and May-Septemberp r e c i p i t a t i o n ) ................................. .-43,000Less October-April pr e c ip i ta t i on .................... .—27,000

Net evapotranspiration loss of groundwater ....................................... 11,000
Ground-water discharge by e f f l u e n t seepage includes the accretion to Deer CreekReservoir (47,000 acre-feet per year. p. 8) and the discharge to the Provo River (11,000acre-feet per year, p. 12). Ground-water discharge to the Provo River a p p a r e n t l y occursthroughout the l ength of the river in the valley.
The total discharge f r om the f o r e g o i n g calculat ions is 69,000 acre-feet per year, or 17,000acre-feet less than the average annual recharge. No direct evidence of subsurface discharge f romthe va l l ey fill has been f o u n d , but thi s unbalance in the recharge-discharge ca l cu la t i on mayindicate such subsurface discharge.
Thus the average annual discharge, in acre-feet, from the unconsolidated depos i t s is:

Net evapotranspiration loss .......................... 11,000
To Deer Creek Reservoir ............................ 47,000
To Provo River.................................... 11,000 .
Subsur fac e o u t f l o w ................................ 17,000

T o t a l discharge ................................86,000
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Chemical Quality.-f<\\ the water sampled f r om the unconsolidated d epo s i t s in HeberV a l l e y was chemically suitable for domestic use, according to the s tandards of the U. S. Publ i cH e a l t h Service, al though 2 samples of s u l f a t e type water and 1 sample of mixed type weresomewhat above the optimum in dissolved sol ids , end all samples were hard to very hard. Thewater is sa t i s fac tory for stock or for irrigation.
Chemical analyses of 10 samples of water f rom the unconsolidated depos i t s in HeberV a l l e y are reported in table 5. The locations f r o m which the sample s were collected anddiagrammatic representations of the concentrations of the pr inc ipa l dissolved s o l id s in some ofthe samples are shown on p l a t e 3.
Seven of the 10 samples were calcium bicarbonate type water, with dissolved sol ids $ranging f r om 187 to 446 m g / l . The hardness of the 7 sample s ranged from 144 to 324 m g / l . in jthe hard to very hard range. Silica concentration ranged from 12 to 43 m g / l ; the s ampl e s thatwere high in sil ica came from the east side of the val l ey, where the rocks f o r m i n g the v a l l e y wallare predominant ly volcanic.
Two of the 10 samples were calcium s u l f a t e water, and both contained more dissolveds o l i d s than the calcium bicarbonate water. One of these samples came from a well at the northend of the va l l ey , very near the ou t c ropp ing of the Tria s s i c shales, and the water was s imi lar tothat found in the shales (diagram 2, f i g . 9). The concentration of dissolved s o l id s of this s a m p l ewas 727 m g / l and the hardness was 464 m g / l . The other sample of s u l f a t e type water came from awell near Midway. That well taps a layer of gravel overlain by t u f a , and the water is s imi lar towater f rom the hot pots, but more di lu t e . The sample contained 1,160 mg/ l dissolved so l id s , andthe hardness was 770 m g / l .
One of the 10 samples was a calcium bicarbonate s u l f a t e type water. T h a t s a m p l e camef rom a shal low dug well in the t u f a d epo s i t s near Midway, and the water appears to be a mixtureof hot pot type water and the d i l u t e calcium bicarbonate type water commonly found in theva l l ey fill. The concentration of dissolved s o l id s in the sample was 661 m g / l and the hardness was434 m g / l .

Rhodex V a l l e y

Rhodes V a l l e y , the second largest of the f o u r v a l l e y s in the s tudy area, is nearlyrectangular in plan, with the long axis of the rectangle oriented about north-south (pi . 1 and f i g .1). The area of the valley f l o or is about 39 square miles. The Weber River f l o w s westward acrossthe north end of the va l l ey , entering and leaving through narrow canyons. The pr inc ipa l drainageof the v a l l e y is by Beaver Creek, which enters the va l l ey f rom the east near the south end, f l o w snorthwestward, and jo in s the Weber River where that stream leaves the valley. At the south end.Rhodes V a l l e y terminates in a bluff that overlooks the Provo River.
The alluvial fill deposited in Rhodes V a l l e y by the Provo River (see p. 5-7) is probablymore than 300 feet thick under most of the valley. In addit ion, a sizeable alluvial fan has beenformed where the Weber River enters the va l l ey , and smaller f a n s mark the mouths of BeaverCreek Canyon and Hoyt Canyon.
When the upper Provo River changed course, the stream entrenched i t s e l f in its formerv a l l e y f l o or . T h u s nearly 100 f e e t of unconsolidated material is exposed in the north side of theProvo Canyon at the south end of Rhodes V a l l e y ( f i g . 14a). The material is poorly sorted andonly weakly s trat i f i ed (fig. 14b).
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F R O M : J e f f H o l c o m b , E & E F I T Engineer
DATE : J u l y 12, 1985
S U B J E C T : Richardson F l a t T a i l i n g s

The f i l e s p er ta in ing to Unit ed Park Ci ty Mines at the S t a t e of
Utah Department of H e a l t h Water P o l l u t i o n Board contained in format ion
on the t a i l i n g s d e p o s i t e d at Richardson F l a t . The t a i l i n g s were
p i p e d f r om the Ontario Mine S h a f t south of Park C i t y at a rate
of 63 g a l l o n s per minute. T h i s in format ion is in the NPPES permit
section f i l e s and can be obtained by c on ta c t ing Mr. Steve M c N i e l
of the Water Pol lu t i on Board.
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CounterneasarcsStorage and H a n d l i n g : Section 7.
L A U R Y L Q U I N O L 1 N I U M C H L O R I D EHazard AnalysisToxicity: Details unknown; a fungicide.F i r e Hazard: Unknown.Disaster Hazard: Dangerous; see chlorides.Cccnt t f lDtasurnStorage and H a n d l i n g : Section?.

X A U R Y L T H 1 O C Y A N A T ECtoeral hlomadonFormula: C H . C C r U . C H . S C N .Constant: Mol wt: 227.3.Hazard Analysis awl CeantenneasaresSee thiocyanatcs. An insecticide.
LAWRENCITE. See ferrous chloride.
L A W R E N C I U MCentral Informat ionDescription: A synthetic transuranium clement: At. No. 103.Formula: Lw.Constant: A l w t : 2 5 7 .Hazard AnalysisRadioactive.
LEADCcoeral bformatiooSynonym: Plumbum.Description: Bluish-gray, s o f t metal.Formula: Ph.Constants: At wt: 207.21, mp: 327X3'C bp: 1620'C, d:1 1 J 8 8 at 20'/JO'C. vap. press.: I mm at 973' C.Hazard AnalysisToxic Hazard Rating:Acute Local: 0.Acute Systemic: Inhala t ions .Chronic Local: 0.Chronic Systemic: legation 3; Inhalat ion 3.Toxicology: See kad compounds. A common air contami-nant (Section 4XTLV: ACGIH (recommended); 0.2 mill igrams per cubicmeter of air.Radiation Hazard: Section S. For permissible levels, aceTable 5. p. ISO.Arti f i c ia l isotope «°Pb. hah* life $2 h. Decays lostable "Tl by electron capture. Emits gamma rays of0.28 McV and others and X-rays.Natural isotope n>Pb (Radium-D. Uranium Series),half life 22 y. Decays to radioactive *MBi by emittingbeta particles of 0.015 (80%), 0.061 (20%) MeV. Alsoemits gamma rays of 0.046 MeV. "*Pb usually exists bequilibrium with its daughters "*Bi and »"Po.Natural isotope ' !*Pb (Thorhun-B, Thorium Series),half life 10.6 h. Decays to radioactive *"Bi by emit-ting beta particles of 0.16 (5%), 0.34 (81 %X 0.58 (14%)MeV. Also emits gamma rays of 0.24.0 JO MeV and X-rays.Fire Hazard: Moderate, in the form of dust when exposed tobeat or Same. See also powdered metals.Explosion Hazard: Moderate, in the form of dust when ex-posed to beat or f lame.Disaster Hazard: Dangerous; when healed it emits h igh lytoxic fames; can react vigorously with oxidizingmaterials.CwntemMasurtsVenti lat ion Control: Section].Persona] Hygiene: Section 3.First Aid: Section I.Storage and Handl ing: Section?.
LEAD A C E T A T ECentral Informat i on

Description: Whi t e crystals, soluble in water. Commercialgrades arc frequent ly brown or gray lumps.Formula: P b ( C t H A ) > - l H l O .Constants: Mol wt: 379J5, mp: 7S*C; anhydrous 280'C.d:2.55.Hazard Analysis aid CoaatenwasaresSee kad compounds. An insecticide.S h i p p i n g Regulations: Section 11.IATA: Poison B. poison label; 25 kilograms (passenger),95k Hog rams (cargo) (solid).
LEAD A C E T A T E , M O N O B A S I CGeneral Informat ionDescription: W h i t e powder.Formula: P b , O H ( C , H A KConstant: Mol wt: (084.Hazard Analysis and CentemeanresSee kad compounds.
LEAD A N T I M O N A T ECentra! Informat ionSynonyms: N a p l e s yellow; antimony yellow.Description: Orange-yellow powder.Formula: Pb,(SbO,VConstant: Mol wt: 993.2.Hazard Analysis awl ConteiBeasaresSee kad and antimony compounds.
LEAD A R S E N A T E SGeneral b fomatioaSynonyms: Lead o-arsenate; kad di-o-arsenatc; kad mono-o-arsenate; kad pyro-arsenate; kad m-anenate.Description: Whi t e crystals.Hazard AnalysisToxicity: H i g h l y toxic. See kad compounds and arseniccompounds.TLV: ACGIH (recommended); 0.15 milligrams per cubicmeter of air.Disaster Hazard: Dangerous; on heating it emits h igh lytoxic fumes.CmmtemeasuresStorage and Handl ing: Section 7.S h i p p i n g Regulations: Section I I .I.C.C.: Poison B. poison label. 200 Ibs (solid).Coast Guard Classification: Poison B; poison label.IATA: Poison B. poison label, 25 kilograms (passenger),95 kilograms (cargo) (solid).
LEAD-ID-ARSENATE. Sec kad arscnatcs.
LEAD-o-ARSENATE. See lead arsenatcs.
LEAD A R S E N I T E SGeneral InformationSynonyms: Lead o-anenite; kad m-ancnhe.Description: White powder.Hazard AnalysisToxici ty: H i g h l y toxic. See kad compounds and arseniccompounds.Disaster Hazard: Dangerous; on heating h emits highlytoxic fumes.ConnteroieasaresStorage and Handl ing: Section?.S h i p p i n g Regulations: Section I I .I.C.C.: Poison B; poison label, 200 pounds (solid).Coast Guard Classi f ication: Poison B; poison label.IATA: Poison B, poison label. 25 kilograms (passenger),95 kilograms (caigo) (solid).
LEAD m-ARSENITE. See lead arsenites.
LEAD-o-ARSENITE. See kad arsenites.
LEAD A Z I D EGeneral Informat ion
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ecology and environment, inc.
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International Spec ia l i s t s In the Environmental Sciences
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recycled p a p e r



E N V I R O N M E N T ! P R O T E C T I O N A G E N C YEnvlronnvik-H Services Division CHAIN OF C U S * W D Y RECORD Denver/Cotoradc 8029!PROJ. NO. PROJECT NAME

S T A T . N O . DATE T I M E I S T A T I O N L O C A T I O N

NO.
OF

CON-T A I N E R S
REMARKS

/too y i A «
M !?o j !t~ym Iti&L

o~A^..

Relinquished by: (Signature) D a t e / T i m e Received by: (Signature) Relinquished by: (Signature) D a t e / T i m e Received by* (Signature)

ellnqulshed by: (Signature. D a t a / T i m e Received by: (Signature) Relinquished by: (Signature) Date/Time Received by: (Signature)

Relinquished by: (Signature) D a l e / T i m e Received for Laboratory by;(Signature) D a t e / T i m e Remarks

I ; P l f f l O f l p y t o

a,
O AM**!** O

8-2047



P R O J E C T N A M E . •Vno

E N V I R O N M E N T A L P R O J T I O N A G E N C Y
R E G I O N V I I I . D E N V b C COLORADO

L A B O R A T O R Y S E R V I C E S R E Q U E S T
^f^tS^m___________ -.-..——. — — — . . ^ ^ _ O t f > 9 < ' « ' ? . .(T P R O J E C T SAMPLES COLL. P A T S

SAMPLES RECEIVED AT LABORATORY BY D A T E . DATA REVIEWED BY.

S T A T I O N D E S C R I P T I O N



P l t O J E a N A M E
SAMPLES RECEIVED AT LABORATORY BY

E N V I R O N M E N T A L P R C f T I O N A G E N C Y
REGION Vm, D E N V f e t f C O L O R A D O

L A B O R A T O R Y S E R V I C E S R E
PROJECT COO; COLL *»*tS PATE

D A T E . DATA REVIEWED BY.

M von. pH to MM, hrtMiy In J1U,



P R O J E C T N A M E .

E N V I R O N M E N T A L P R O ! T I O N A G E N C YR E G I O N V I I I , D E N V b e T C O L O R A D O
L A B O R A T O R Y S E R V I C E S R E Q U E S T**- -r~.y. 0<r*$&£*'iJT ^,'X^^o____________ PROJECT CODE **'* SA*

*H
SAMPlES COLL

SAMPLES RECEIVED AT LABORATORY BY D A T E . DATA REVIEWED BY.

S T A T I O N D E S C R I P T I O N



E N V I f t O N M C N I A l P U C K W O N A G E N C YR E G I O N V I I I , D E N V ' t < C b L O R A D OL A B O R A T O R Y S E R V I C E S R E Q U E :**^*^^^*
N A M E

SAMPLES RECEIVED AT LABORATORY BY
PROJEQ LES COLL P A T g

D A T E . DATA REVIEWED BY.

taMy MUM It won, PN !• «rtM, h M M N y M JTW,



t'



C

A N A L Y S T I N I T I A L S



E Grountoator
Curtaca Water N
S u b s u r f a c e T a l K n g t

U M X W T R O t U OH A Z A R D O U S V W S T t S I T E S
V* *•! •.».».

t l t t t iR I C H A R D S O N F L A T T A I L I N G S•
S I T E M A P A N D 6 A M P L E L O C A T I O N S

T.».» R8-8604-23
•eologt and rmironmrnt. inc.

•••»••. F I G .



-.v . .* •-•*>

•̂̂
/



RECORD OF• C O M M U N I C A T I O N
Q f H O N E C A L L Q O l t C U S S I O N Q F I E L D T R I f Q C & W C I I t N C C
P O T H E R prEcim . ̂  ̂  ,

TO: F R O M : DATE
T I M E

S U M M A R Y O F C O M M U N I C A T I O N

jSfcAnAjk** $ & J ' > ^yn>*4~*^*Mf y ^ V / ^ c / ^ <uĉ ,
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